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Abstract-This paper reviews some of the recent applications of optical tomography as a measurement 
tool for process parameters measurement such as flow concentration profiles, velocity profiles, and 
mass flow rate. The attentions that have been received by the optical tomography system for the 
applications of industrial parameters measurement are mainly because of the radiation safe emission of 
light sources to human or environment, fast response time, non-intrusive technique, and established 
models of light propagation through media or medium of interest thus making the solutions of forward 
and inverse problems to be relatively simpler to accomplish. The reports of the experimental result in 
this  paper  are  mainly  based  on  the  previous  works  done  by  researchers  in  the  area  of  optical 
tomography application where the main aspects are discussed. As a whole, the optical tomography can 
be applied to measure the velocity of beads in flow rig, measuring bubbles flow, flame imaging for 
combustion rate estimation, and flow concentration profile. Most of the applications as mentioned are 
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discussed in this paper. In the final parts of this paper, independent component analysis (ICA) is 
suggested to measure the turbidity of liquid with the air-bubble flow in a vertical pipe column. 
 
 
Index terms: optical tomography, process tomography, flow imaging, concentration profiles, turbidity, 
attenuation coefficient, independent component analysis. 
 
 
 
 
I.         INTRODUCTION 
 
 
 
Tomography is defined from a Greek word which “tomo” meaning “to slice” while “graph” 
meaning  “image”.  The  definition  word  tomography from  the  Oxford  English  Dictionary  is: 
“Radiography in which an image of a predetermined plane in the body or other object is obtained 
by rotating the detector and the source of radiation in such a way that points outside the plane 
give a blurred image. Also in extended use, any analogous technique using other forms of 
radiation”. From the Encyclopedia Britannica eb.com, they state tomography as: “Radiologic 
technique for obtaining clear X-ray images of deep internal structures by focusing on a specific 
plane within the body. Structures that are obscured by overlying organs and soft tissues that are 
insufficiently delineated on conventional X-rays can thus be adequately visualized”. Tomography 
can also be defined as a process of obtaining plane section image of an object [1]. Based on the 
definition mentioned before, tomography has been widely applied in the medical field where the 
technique was also used on to check for bone fractures and to detect diseases such as tumors or 
cancers. Moreover, tomography technique has been successfully applied in the area of process 
industrial as this technique can be operated without intruding or invading the object or particles 
conveyed in a material distribution line such as pipeline or pneumatic conveyor [2]. 
The term "industrial process tomography" refers to non-invasive visualization techniques which 
are  still  developing  but  have  already  contributed  to  the  optimization  of  certain  industrial 
processes [3]. For an example, tomography method was used in the oil and gas industries, to 
increase the efficiency and productivity of the process by detecting any irregularities of the 
process functions [2]. Thus, necessary actions can be taken to compensate the process and to 
avoid any disturbances in the process. Furthermore, the visualization of material properties at 
different spatial position in cross section is another major advantage of tomography technique 
which cannot be achieved using any conventional single point instruments [4]. It can be observed 
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from most of the process tomography applications, the common objectives are to obtain mass 
flow rate profile and velocity of the flow [5]. Sensors for process tomography can be divided into 
two  types:  soft-field  and hard-field  sensors.  The output  of a soft-field  is  dependent  on  the 
distribution of material in the sensing volume [6] where capacitance, magnetic and electrical 
charge are  examples of the soft-field sensors. On the other hand, hard-field sensor is sensitive to 
the medium’s parameters regardless of the sensor’s orientation, thus the data collection process 
requires linear interpretation and the sensitivity can be assumed to be homogenously distributed 
for every sensor’s orientation [7]. Optical and gamma-ray were included in hard-field sensors 
where the image reconstruction algorithms are relatively simpler to implement as compared to 
soft-field sensor [8]. 
In general, a tomography system can be divided into three main parts which are sensors, data 
acquisition system, and image reconstruction algorithm [9] as shown in figure 1. There are 
several types of sensors that can be used in process tomography such as optical, electrodynamics, 
gamma  ray,  positron-emitting radionuclide (tracer),  ultrasound,  and  rods  pair  (for  electrical 
impedance). Each type of sensor has its advantages and disadvantages. The proper selection of 
sensor should be done by pre-classifying the properties of the medium to measure thus matching 
it with the best type of sensor, identifying the parameter to measure, total cost, and technical or 
practicality issue. Next section will discuss the fundamental of optical tomography. 
 
 
Figure 1.  The main components of process tomography 
 
 
 
II.        FUNDAMENTAL OF OPTICAL TOMOGRAPHY 
 
 
 
Optical tomography is one of the popular techniques that have been used in process tomography. 
Emitters and receivers pairs are required in this system where the light from the emitters will 
propagate into the medium conveyed in a vessel for instance where at the other end of the vessel 
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boundary, the receivers will be supposed to detect the emitter’s light [9]. The emitters can be 
Light Emitting Diode (LED), halogen bulb, laser, or infrared while the receivers or detectors can 
be photodiode, phototransistor, or photomultipliers [9]. Optical sensor has become the popular 
choice in the industry due to cheap prices of optical transducers, relatively straightforward and 
simple operation as compared to the other sensors such as capacitance sensors [10]. Moreover, 
optical sensors are capable of measuring the high-speed flowing particles since it can provide 
fast response time [11]. Therefore, optical tomography can provide a high frame rate which 
enabled through electronic switching of LED's and laser diodes and may be applied in high 
pressure level processes [12]. 
 
 
III.       SYSTEM DESIGN 
 
 
 
In optical tomography, the arrangement or alignment of the sensor plays the important role 
whether the design is successful or not. An optical sensor consists a set of emitter and receiver 
which should be arranged properly. It means that the light from the source/emitter which travels 
in the medium should be detected by the receiver [9]. Most of the pipes and vessel in 
manufacturing and industry have poor transparency (mostly opaque). Hence, a good design of 
optical windows are required to ensure the light mostly received by the receivers [13]. There are 
several projections that could be Ibrahim employed [14] as concluded in Table 1 and figure 2. 
 
 
Table 1: Types of optical projections 
 
 
Projection Type Figure 
Two  orthogonal  projections  consisting  of 
several parallel views 
Figure 2 (a) 
Two  rectilinear  projections  consisting  of 
several parallel views inclined at 45° to one 
another 
Figure 2(b) 
A combination of two orthogonal and two 
rectilinear projections 
Figure 2(c) 
Three fan-beam projections Figure 2(d) 
Four fan-beam projections Figure 2(e) 
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Figure 2(a).  Orthogonals projections                Figure 2(b).  Rectilinear projection 
 
 
 
Figure    2(c).    A    combination    of    two 
orthogonal 
Figure  2(d).  Three  fan-beam  projections 
and two rectilinear projections 
 
Figure 2(e).  Four fan-beam projections 
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From  all  types  of  projections  mentioned  above,  parallel  beam   projections  have  some 
disadvantages that could be concluded. Firstly, at least four projections are needed to obtain a 
good representation of solid particle flows. The reconstructed image will contain false copy of the 
solid particle flows when only two sets of parallel projections were employed due to aliasing 
problem. Aliasing problem as can be seen in figure 3 can be occur when two particles intercept 
the same view thus creating the ambiguity of the location of some particles [10]. It happens when 
two projections system are not enough to produce a good tomogram, and it produces insufficient 
information and lack of image resolution [10]. For that reason, more projection system can 
reduce such problems. Secondly, parallel beam projections required a large number of hardware. 
As a result, more components are required such as sensor jig and optical sensor to complete the 
system. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.  Aliasing problem: the actual and phantom objects are circled in green and blue, 
respectively 
 
 
Fan beam projection is preferable for optical tomography since it can offer more number of 
measurement from the measurements transducer [15]. The fan beam projection is not 
concentrating to a straight line but focus on transmission angle [16]. The transmission angle can 
be known by looking to the data sheet of the transmitter where usually the angle value is notified. 
One light of the transmitter can be received by one or more receivers depend to the transmission 
angle as show in figure 4. The light of transmitter TX0 which has an angle of 30º will detect by 
receiver RX13, RX14, RX15, RX16, RX17 and RX18. It can be conclude that if the angle is 
increasing, the number of receiver detect the light also increasing. The Table 2 shows the types of 
projection and number of sensor that had used by previous research in the application optical 
tomography. From the table, we can see that there are significant differences in number of sensor 
used between parallel beam and fan beam projection technique. Fan beam required less number 
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of sensors compared to parallel beam technique and the maximum numbers used for parallel 
beam is 156 sensors but only 64 sensors used for fan beam. Hence, the total cost of the project 
which applies the fan beam method can be reduced. 
 
 
Figure 4.  Fan beam projection 
 
Table 2:  Type of projection and number of sensors in previous researchers 
 
 
Type of Projection Number of Sensors Reference 
Parallel Beam 
Parallel Beam 
Fan Beam 
Parallel Beam 
Fan Beam 
Parallel Beam 
Parallel Beam 
Fan Beam 
Parallel Beam 
Fan Beam 
Parallel Beam 
Fan Beam 
Parallel Beam 
Parallel Beam 
32 
76 
16 
156 
64 
12 
128 
4 
156 
8 
8 
16 
32 
156 
[9] 
[10] 
[15] 
[30] 
[20] 
[29] 
[18] 
[2] 
[31] 
[19] 
[25] 
[47] 
[49] 
[42] 
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The number of emitters and receivers are same for parallel beam projection while for fan beam 
projection it can be unequal [17]. As mentioned earlier, the tomography technique consists of 
several parts which are sensor, signal conditioning circuit, data acquisition system and image 
reconstruction. The emitter needs power supply to emit the light. For that reason, light projection 
circuit for switching the electronic signals is developed by Yunus and circuit using 555 timer which 
build on by Saad to switch ON the Metal Oxide Semiconductor Field Effect Transistor (MOSFET) 
hence, the emitter will emit the light [18]-[19]. Chen had proved that the microcontroller chip can be 
also used to drive ON the emitter [20]. The example of transmitting circuit is shown in figure 5 [18]. 
The circuit consists of transistor ZTX689B, infrared LED SFH486P, resistor 33Ω and capacitor 
10µF. The high pulse 5V signal and low pulse 0V produce by microcontroller are supply to base 
transistor to act as switch for transistor. A variable resistor, Rb is used to control the current flow in 
transistor base and Rc is used to protect the emitter from over current [15]. 
 
 
Figure 5.  The transmitting circuit 
 
 
The light is transmitted from the transmitter into the pipe to receiver. However, it is hard to place 
all the transmitters and emitters around and close to pipe, therefore, fiber optic is proposed to use 
in optical tomography. There are several advantages of fiber optic in process tomography 
[9],[18],[20]and [21]: 
1)  The transducer’s performance are not affected due to fiber optic are more stable and immune 
 
to environment, 
 
2)  Electronic circuit is separated so that the process of troubleshoot the problems (if any) is 
easier to do, 
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3)  Allow more sensors to place around the pipe since it required less space of place thus the 
resolution of tomogram can be upgrade, 
4)  The fiber optic does not invade the flow of process since it is mounted outside the pipe as 
shown in figure 6, 
5)  The system is immune to temperature, pressure, and viscosity of the fluid. 
 
 
 
The optical fibers can be connected to the transmitters and receivers through the following steps 
 
[9]: 
 
1)  Some of the fiber optic cladding is removed as shown is figure 7(a). 
 
2)  2 mm fiber optic without cladding is measured as shown in figure 7(b). 
3)  Exposed the end of fiber optic to candle for a few seconds until a convex surface is formed as 
shown in figure 7(c). 
 
 
 
Pipe Flow 
 
 
 
 
 
Fiber Optic 
 
 
 
 
 
Figure 6.  Optical fiber is mounted around the pipe 
 
 
 
 
 
Figure 7.  The fiber optic initial process 
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IV.      CRITERIA FOR SENSOR SELECTION 
 
 
 
The success in application of optical tomography is mostly depending to the selection of sensor 
[22]. Sensors in this technique include emitter and receiver and the criteria to consider are 
wavelength range, response time, and noise level. The emitter types that usually used are Light 
Emitting Diode (LED), infrared, laser and halogen bulb while for receiver transducer are 
photodiode, phototransistor and photomultipliers [17]. There are two types of light to consider in 
selecting the emitter, which are visible light and invisible light. For visible light, the wavelength 
of the light is equal to the light produce by the lamp in surrounding which is 380-750nm. While 
for invisible light, the wavelength is near to 700-1000nm and make the light of emitter faster to 
propagate to the receiver [17]. In selecting the receiver, the wavelength of the receiver should 
equal or near to the wavelength of emitter. Photodiodes are commonly used as the receiver while 
visible light can be used as the source. In addition, most photodiode is designed in wavelength of 
visible light’s range. So, the photodiode is commonly selected by many researchers in optical 
tomography project. 
 
 
V.        MEASUREMENT SYSTEM 
 
 
 
The measurement system consists of signal conditioning circuit, Digital Timing and Control Unit, 
and Data Acquisition System (DAS). The next subsections will discuss these components briefly. 
 
 
a. Signal conditioning circuit 
 
When the light from the transmitter propagate, the light is received by the receiver. All the light 
should be fully received by the receiver. Therefore, the measurement unit should be designed 
properly in order to make sure the signal from receiver can be process by the signal conditioning 
circuit. In the signal conditioning circuit, there are several stages that could be identified. The 
first stage is the current to voltage converter where the light received by receiver will convert to 
current as shown in figure 8. Then, the current will be converted to voltage parameter. The 
second stage is amplifier circuit, as illustrated in figure 9 where in this stage, the signal from the 
first stage will be amplified. The third and fourth stages are low pass filter circuit and buffer 
circuit, respectively as shown in figure 10. 
INTERNATIONAL JOURNAL ON SMART SENSING AND INTELLIGENT SYSTEMS, VOL. 5, NO. 4, DECEMBER 2012 
777 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8.  First stage: Current to voltage converter 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9.  Second stage: Amplifier 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10.  Third and fourth stage: Low pass filter and buffer circuit 
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b. Digital timing and control unit 
 
The main purpose of the digital timing and control unit is to control the parameter used in the 
system where the parameters are frequency, sequence of projection and the time of the transmitter 
to on and off [23]. The other purpose is control the duration of data sampling performance in 
order to synchronize the operation of data acquisition system (DAQ) [18]. Leong in 2004 has 
designed the circuit where the signals consist of Clk, Trig, BClk, LED_On and light projection 
sequence as shown in figure 11. The signal is generated by Peripheral Interface Controller (PIC) 
Microcontroller. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11.  Digital timing and control signals 
c. Data acquisition system (DAS) 
 
The  signal  from  the  output  of  overall  signal  conditioning  circuit  will  be  process  by  data 
acquisition system (DAS). DAS is the process of sampling signals that can measure real world 
physical conditions and convert the resulting samples into digital numeric values that can be 
manipulated by a computer as illustrate by figure 12 [24]. Through DAS, the image processing in 
the pipeline or conveyor can be constructed on a computer or a laptop by using suitable image 
algorithms. The numbers of sensors used in process tomography almost depend to the channel of 
DAS. For example, if DAS have maximum 32 channels, the maximum number of sensors that 
can be used also 32 sensors. The speed of DAS is an important part that should be noted when 
buying the DAS. For real time purpose, the DAS should have high speed in data processing 
system in order to make the process tomography is reliable. 
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Figure 12.  The system flow related to data acquisition system 
 
 
 
 
V.        IMAGE RECONSTRUCTION ALGORITHM 
 
 
The reconstructed image from various tomographic sensing system may contain vital information 
of parameters in the cross-sectional of pipelines or conveyor [1]. The parameters can be the 
multiphase flow imaging, fluidized bed imaging and bubbles flow. This section will discuss three 
common algorithms that have been used in optical tomography which are Linear Back Projection 
(LBP), Filtered Back Projection, Layergram Back Projection and Hybrid Reconstruction 
Algorithm. 
 
 
a. Linear Back Projection algorithm (LBP) 
 
The algorithm is required to produce the image in the vessel or pipeline through the computer. 
There are many algorithms that can be applied in industrial process tomography where the 
algorithm is come from medical tomography [25]. Linear Back Projection Algorithm (LBP) is 
commonly used because it is straightforward in terms of the concept as compared to other 
algorithms [26]. The idea of the algorithm is all projection is back projected to its original 
direction as in figure 13, however, the disadvantage of LBP is the image produce is often blurred 
and out of shape [21]. In 1992, Dugdale et. al. [27] applied this algorithm to obtain the image 
inside the pipe. Abdul Rahim also had used this type of algorithm in his research where the 
concept of the algorithm is based on sensitivity maps [28]. Moreover, Mohamad used LBP to 
investigate the concentration profile of flame image by using 8 × 8 sensors pairs [29]. 
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Figure 13.  Back Projection 
 
 
A research conducted by Ibrahim [10] proved that the concentration profile inside the vessel can 
be obtained by combining the voltage measured by each sensor with sensitivity map where the 
mathematical expression is 
 
     ∑    
 
                         (1) 
  
 
Where Vij  is the voltage distribution in 8 × 8 matrix and Vsn is the voltage for nth sensor. Sn is 
sensitivity map for nth sensor and m is the total number of sensors mounted around the vessel. 
 
 
b. Filtered Back Projection algorithm (FBP) 
 
Filtered  Back Projection Algorithm (FBP) is improvement  LBP  method. The algorithm has 
produced image better than LBP because it filtered the image construct by LBP by reducing the 
low frequency information. The algorithm is implementing by calculating the ratio of maximum 
value allowed in concentration matrix to each element in the full flow concentration matrix. 
 
 
c. Layergram Back-Projection (LYGBP) and Hybrid reconstruction algorithm 
 
Layergram back-projection (LYGBP) is another algorithm that can be used in process 
tomography. The algorithm was combined with hybrid reconstruction algorithm to reconstruct 
the images of the bubbles in the pipe [10]. The hybrid algorithm assumes binary values from the 
sensor, either zero for no material or one for the presence of material and constructs the image 
will look better than LBP. Pang [30] also used this algorithm to eliminate the ambiguous effect. 
This algorithm provides the some improvement of the tomogram where it actually based on LBP 
but some changes is made. The pixel is separate into five smaller parts where we can choose the 
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parts whether it’s included in the calculation of concentration or not. So, not all pixels are used in 
the calculation and by this way, the accurate image can be produced [31]. 
 
 
VI.      APPLICATIONS 
 
 
 
In the previous statement before, the tomography can be applied either in industrial or medical 
field. Each field has its own parameters that should be identified and measured. Hence, a single 
modality tomography is applied for that purpose but sometimes there are needs for some more 
sensing system since the data or result provide by a single modality are not enough. Thus, the 
addition sensing system is required to complete the task. This section will discuss the application 
of  single  modality  and  dual  modality tomography’s  based  on  the  previous  researches.  The 
velocity  measurement  process  in  single  modality using  optical  sensor  also  included  in  this 
section. 
 
 
a. Single modality tomography 
 
Single modality tomography system can be said to be the earliest method that has been applied in 
industry.  Single  modality  means  that  only  one  sensing  technique  is  used  for  measurement 
purpose. Many optical tomography systems can be found for the application of process flow 
measurement. Rahim obtained the concentration profile for a plastic bead flow in conveyor using 
optical sensor [9]. His research had used optical fiber as the medium to transmit the light from 
halogen bulb to photodiode as receiver. Few years later, Ibrahim [10] measured the gas bubbles 
in vertical water column by using optical tomography. He had constructed the image of gas 
bubbles by using hybrid reconstruction algorithm where the experiment setup is illustrated in 
figure 14 which consists of pipe, bubbles outlet, pump and pressure meter. The concentration 
profile for the gas bubbles is shown in figure 15. 
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Figure 14.  Experiment Setup for measuring gas bubbles flow rate 
 
 
 
Figure 15.  Concentration profile for gas bubbles using Hybrid reconstruction algorithm 
 
 
Zheng et al [32] had investigated the concentration distribution and mass flow rate measurement 
for gravity chute conveyor in year 2006 in real time. They designed the multi-light sources and 
multi-light beam array to the pipeline with simulation in computer as illustrate in figure 16. The 
figure 17 shows four and 15 light sources are used where the four light sources have 15 beams, 
15 light sources have 5 beams and 15 light sources have 15 beams. The apparatus of experiment 
consists of feeder hopper, motor, signal conditioning, laser diode and detector array and so on. 
Then, the reconstruct images from the experiments were compared with the simulation results. 
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Figure 16.  Experiment setup of Zheng et al [32] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 17.  Fan shaped arrangements to different array structure. (a) 4 light sources, 15 beams; 
(b) 15 light sources, 5 beams; (c) 15 light sources, 15 beams [32] 
 
 
Zheng et al [32] divided the experiments into two conditions; static and dynamic experiment. The 
static experiment used a pipe where transparent glass rods were inserted into the pipe and the 
images were obtained. The figure 18 shows the result of the static experiment. 
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Figure 18.  Reconstructed result of static experiment. (a) Original distribution (b) Reconstructed 
image [32] 
 
 
In the dynamic experiment, silica sand was vertically poured down through the pipeline at a 
controlled rate. The measurement was done on-line, and the aim of the experiment was to 
estimate the concentration distribution from the reconstructed images, and to measure the mass 
flow rate at different screw feeder speed. The concentration profile for the silica sand is shown in 
figure 19 where the mass flow rate for the upper row is 6.1g/s, 22.2g/s for the middle and 33.9g/s 
for the lower image. 
 
 
Figure 19.  The concentration profile for different mass flow rate of silica sand (6.1g/s for upper 
row, 22.2g/s for the middle and 33.9g/s for the lower image.) [32] 
 
 
Rzasa [33] employed the optical tomography for measuring aeration parameters in large water 
tanks. He focused on detection and definition of shapes of gas bubbles moving in a liquid where 
the column is exposed to homogeneous beam. The next ray is detected using optical waveguide 
detectors as shown in figure 20 [33]. 
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Figure 20.  Structure of the measuring system [33] 
 
 
 
 
Figure 21.  Group of bubbles in camera (left) the tomograph (right) [33] 
 
 
The optical tomography technique can also be used to measure and analyze the velocity of particles 
flow in conveyor. The popular technique for the measurement is by using cross- correlation which was 
proposed by [34]. The technique is based on the deriving the transit time of particles or fluid flowing 
through a pair of sensors mounted upstream and downstream of the pipelines as shown in figure 22 
[35]. The function of x(t) and y(t) is given by:  
  
T
T
dttytx
T
R
0
)()(
1
lim)( 
                 
(2) 
Where R(τ) is the cross correlation function, x(t) is the upstream sensor function and y(t-τ) is the 
downstream sensor function. In figure 22, the × box represents the function )()( tytx . The peak value 
in the equation (2) corresponds to the most probable time required for the flow travel from upstream to 
downstream sensors, m . Then, the velocity can be calculated by divide the length between upstream 
and downstream sensors and peak time as equation (3).  
m
L
V

 (m/s)                                                     (3) 
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Figure 22.  Cross-correlation method 
 
 
Initially, the velocity measurement was measured using offline mode by [36] and [10]. Then, the 
online mode is implemented by Rahiman [37] and Chan [15] in order to make the measurements 
is more reliable and faster. Xie et al [38] identify the method of correlation divided into two 
types; Pixel to Pixel Correlation (PTP) and Sensor to Sensor Correlation (STS). PTP correlation 
method requires that images to be reconstructed first and this method requires the upstream and 
downstream concentration profiles [39]. Then, each pixel is taken from upstream sensor and will 
cross-correlate with the same pixel in downstream sensors in order to get the time delay. Hence, 
the velocity can be calculated using equation (3) where the distance between upstream and 
downstream sensor is divided by the time delay [40]. STS correlation is different from PTP 
correlation where the data from upstream sensor is correlated with downstream sensor instead of 
using pixels values [41]. The method is better than PTP correlation method since STS required 
only 2 × N times for N × N orthogonal sensor pairs for the number of cross correlation [42].The 
correlation techniques in [18],[30],[37] and [39] were used to measure the velocity of plastic 
beads flows in flow rigs while Ibrahim [10] measured the velocity of gas bubbles in a vertical 
column. Pang [30]  has applied the data distribution system which  consists of two personal 
computers (PC) in order to upgrade the speed of data processing time. Digital Signal Processor 
was implemented by [39] to replace Data Acquisition System (DAS) in performing data 
acquisition task hence; it can save the cost of the overall project. Furthermore, Tan [43] adopted 
the cross correlation method to measure the velocity of two phase flow; oil and water by using 
electrical resistance tomography while Lee [44] used electrodynamics sensor for measurement 
buck solid flow. In another scenario, Saad [19] performed the measurement of velocity for object 
flow by applying dual modality tomography based on optical and ultrasonic sensors. 
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b. Dual modality tomography 
 
Dual  modality  tomography  is  a  technique  which  uses  at  least  two  types  of  sensor  for 
measurement  purpose.  The technique could be used as images  comparison  between  the 
modalities. Furthermore, the images reconstructed from the different modalities can be used as an 
image. Most process flows only require a single modality process tomography since it enough to 
provide data and information, however, complex process flows may need additional type of 
tomography [45]. Rzasa [46] used optical and capacitance tomography as the sensors to measure 
two-phase gas-liquid flows in a horizontal conveyor. The test stand was designed to generate 
typical upward, downward and horizontal flows as figure 23. The system include 80mm diameter 
of pipe, measuring length 140cm, pump to supply water as label 2, temperature as label 6 and 
pressure meter as label 7. The gas supply system is a compressor labeled 8 which working 
pressure 0.05MPa. 
 
 
Figure 23.  The test stands [46] 
 
 
The capacitance tomography system is set up as figure 24 where the 16 capacitance sensors were 
installed  around  the  pipe  which  have  76mm  internal  diameter.  Meanwhile,  the  optical 
tomography system in figure 25 consists of five 55W light source as light transmitter, 64 
phototransistors as light detector and 76mm diameter of pipeline. The light sources are located in 
five places in each side of pentagon’s corner. 
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Figure 24.  Capacitance tomography system 
 
 
 
Figure 25.  The optical tomography: (a) upfront view,(b) side view 
 
 
The image reconstruction algorithms used in this research are Linear Back Projection (LBP) and 
Iterative  Back  Projection  (IBP).  Based  from  the  result  in  figure  26,  optical  tomography 
constructed a good image for very small object but not for laminar structure. For the image of 
capacitive tomography in figure 27, it shows the method is more suitable to use to build images 
for laminar flows [46]. 
 
 
Figure 26.  The image of optical tomography a) image of bubbles of 12mm, b) for a laminar flow 
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Mohd Zain [47] also used the same modality as Rzasa. In his research, every projection was 
vertically position for each measurement plane [48]. The tomography system used 16 pairs of 
optical sensors in a single plane and had 5 mm gap of distance between the sensors. In the final 
result showed that the better tomogram image has produced by using the dual types of sensors. 
Rohi [49] had used optical and electrodynamics sensor to obtain tomographic images solids of 
flow while optical and ultrasonic sensors were applied by Saad  [19] in order to obtain the 
concentration profile and measure velocity of  solid flows. Comparison of the concentration 
profile of 40mm diameter of round object between two sensors can be seen in figure 28. 
Moreover, the tomography technique also was applied in nuclear power industry where the 
gamma-ray and  electrical capacitance tomography are used to monitor the waste separation 
process [50]. 
 
 
 
 
Figure 28.  Optical and ultrasonic concentration profile 
 
 
 
VII.     TURBIDITY MEASUREMENT OF LIQUID 
 
 
 
Turbidity is an optical quality and property of a liquid or sometimes describes as haziness of 
liquid medium such as water. In recent years, the uses of turbidity sensor to measure the water 
quality and suspended sediment concentration is increased significantly [51]. Turbidity 
measurement is commonly used light properties for analysis purpose since it will scatter away 
from straight lines path when the light is collided with particles [52]. The scattering value will be 
taken in investigating the turbidity measurement in certain liquid. For example, if the liquid is 
pure water, the scattering value is small since the light transmission is not effected much by the 
low intensity of the water but the scattering value is increasing if the water becomes darker or 
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contaminated [52]. The turbidity sensors consist of many types but the common one is using light 
attenuation as it passes through a sample column of water. Bilro [50] and Niskanen [53] in their 
research had measured the water turbidity by using optical sensing based. Plastic Optical Fiber 
(POF) is applied in turbidity sensor to increase the accuracy and flexibility [54],[55]. Besides 
scattering,  the  turbidity  of  liquid  samples  can  be  analyzed  based  on  the  observation  of 
transmission and reflection. Next section will discuss the formulation of optical attenuation 
model in turbidity measurement of liquid. 
 
 
a. Optical attenuation model for turbidity measurement of liquid 
 
In  the  optical  attenuation  model  based  on  Beer-Lambert  Law,  the  absorbance,  A  can  be 
 
represented by the multiplication of absorption coefficient of the liquid medium, α with path 
 
length of light travel in the liquid medium, l [10] as denoted by the following equations, 
 
l
V
V
A
in
m  ln 






                             
(4) 
where A is the medium absorbance, Vm is the voltage of the receiving sensor (V) which 
proportional to the light intensity incident on the medium, Io, Vin is the voltage of the receiver 
when there is no beam attenuation (empty pipe) (V) which proportional to the light intensity 
transmitted through the medium, I, α is the absorption coefficient of the liquid medium (mm-1) 
and l is the path length of liquid medium (mm
-1
). 
Equation 4 can be rearranged into, 
 
   
 lVV inm   exp                               (5) 
 
For a liquid medium that contains several different absorbing compounds, i.e. α1, α2, α3….αn the 
overall absorbance is the sum of the contribution of each compound which expands Equation. (5) 
into, 
 
 nninm llllVV  .......    exp 332211              (6) 
           where n,,   to321 is the absorption coefficient of compound 1 to compound n in the liquid medium  
           (mm
-1
) and n,,l   to321 is the path length of compound 1 to compound n in the liquid medium (mm
-1
). 
 
 
Since the mean absorption coefficient of the medium, α has a direct relationship with the turbidity 
 
of the liquid. Therefore, the main objective is to estimate the mean absorption coefficient of the 
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medium, α. Next section will discuss the implementation of independent component analysis and 
 
tomography for the estimation of liquid turbidity. 
 
 
 
b. Independent Component Analysis (ICA) 
 
ICA is a technique for conversion of multidimensional vectors into components that are 
statistically as independent from each other as possible [56]. It was developed in the 1990s [57]- 
[58] since then, this analysis method has served as a tool in separating independent sources 
variables from a linear mixture which is widely used in many fields of applied science and 
engineering such as biomedical [59], image processing [60] and face recognition [61]. Moreover, 
ICA had been used for process separation of gas-liquid through electrical resistance tomography 
done by Xu et al [62]. The analysis can be model as, 
   X = AS                         (7) 
 
where X is an n × m matrix that denotes n measured signals and comprising m variables, A is an n 
 
× d mixing matrix, and S is a d × m matrix denoting source signals [63]. Finding the mixing 
matrix A and/or source signal S is the aim of using ICA with assumptions that the components 
are  mutually  statistically  independent  with  each  other  and  also  independent  with  noise 
components [56]. Define W = A
-1
, so that, 
 ̂ = WX =    AS = S              (8) 
 
ICA consists of many types of algorithm which are FastICA, Infomax ICA, Joint Approximate 
Diagonalization of Eigenmatrices (JADE), Mean-field ICA (MF-ICA), and Kernel ICA (KICA). 
In this paper only the FastICA and Infomax ICA will be discuss. 
 
b.i  FastICA 
FastICA is based on a fixed-point iteration scheme for finding a maximum of the non-Gaussianity 
of components sequentially using deflation scheme where the algorithm is as follows [63]: 
1) Choose an initial weight vector, w, 
2) Let  
           = E{xg(  x)} – E{g’(  x)}w (9) 
      In this equation, g is the derivative of non-quadratic function G that is used in the contrast 
function for solving ICA problem, 
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3) Let 
    w =    / ||  ||   (10) 
4) If not converged, go back to (8). 
 
b.ii  Infomax ICA 
Infomax principle is based on the maximizing the information transferred in a network of nonlinear 
units. It is better to use since it provides noise reduction and global estimation [64]. The entropy of 
z = g(y) = g(Bx) where [g(y)]i = gi(yi), (1 ≤ i ≤ d) is a component-wise non-linear function. Hence, 
the contrast function is: ø1(B) = H(g(Bx)) = -K(Bx ||  ̃) where H(
.
) = denotes differential entropy 
[63].  
c. Turbidity measurement based on ICA and optical tomography 
This section will discuss how independent component analysis (ICA) can serve as estimation tool 
of liquid turbidity. The new method of turbidity measurement is proposed in this paper. The 
scope of the study will involve developing a novel approach to estimate liquid material turbidity 
with air-bubble flow based on optical tomography system and using independent component 
analysis (ICA) method. The project will consist of 16 pairs of transmitters and receivers where 
the infrared LED will be used as transmitter and photodiode as receivers. The fan beam mode 
projection will be employed. Water samples in a water column made from vertical pipe will be 
mixed in order to change the turbidity level of the water sample. The weight of the clay will be 
increased to obtain different level of turbidity. Data Acquisition System (DAS) will be used to 
convert the signal from analog to digital where the user interface will be based on LabView 
software. Next, Independent Component Analysis (ICA) method will be employed to analyze the 
data to obtain the absorption coefficient (α) which has a relationship with the turbidity of the 
water that will be determined. In addition, the study will also focus on other liquid material such 
as oil and  the relationship between  the oil  turbidity with percentage  of fat  content  will be 
determined.  The  concentration  profile  can  be  obtained  using  back  projection  algorithm  to 
estimate the air-bubble flow in liquid material with varying turbidity level. Previous research by 
Xu et al [62] proved that the data from process tomography can be synchronize to ICA method. 
Thus, it is expected that the system will be able to provide various information on the flow inside a 
pipe. Among the information that can be obtained from the system are the turbidity and 
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concentration  profile.  Such  information  can  provide  vital  clues  on  the  process  and  can  be 
beneficial to process industries in improving the efficiency of their plant. 
 
VIII.    CONCLUSION 
 
 
 
As a conclusion, this paper provides an overview of the optical tomography which use and 
applied in industrial process plus the new method propose in turbidity measurement. Firstly it 
discussed the concept of tomography and the main design components of optical tomography. 
Then, it reviewed the latest research on process flow monitoring using various types of process 
tomography systems. Finally, the optical tomography concept has been used in the formulation of 
optical attenuation model in turbidity measurement of liquid based on independent component 
analysis (ICA). It is expected this method will greatly help scientists or engineers to obtain spatial 
attenuation of liquid instead of single point attenuation value which averaged the turbidity level 
of the liquid. This will enhance the measurement accuracy of the liquid turbidity level. On top of 
that, the design of optical tomography technique should be based on the main purpose of the 
project since we need to include the cost factor. Moreover, careful design process considering all 
the factors discussed above will avoid waste of money and system malfunctions. 
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